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Diagnostic skill is one of the most important factors underlying efficient operator
behavior. This study deals with the following questions related to diagnostic skill:
- How can diagnostic skill in process operation be characterized?
- Which types of system knowledge play a role in diagnosis, and what is the
relationship between system knowledge and problem solving strategies?
- What differences can be found between expert and novice operators with respect
to diagnostic skil l? This last question is taken as part of the more general
question how diagnostic skil l  develops.
The notion underlying this study, described in chapter One, is that in general,
skilled behavior may be attributed to well-structured system knowledge, coupled with
efficient problem-solving strategies. Applying this framework to diagnostic skil l  resulted
in the developm€nt of a model for a task-level diagnostic strategy as described in chapter
Three. The model consists of a description of the different steps in diagnosis, coupled
with a specificiation of the ordering of those steps. This model aims at giving an account
of actual human behavior with respect to diagnosis, as opposed to an idealized account
ofproblem solving behavior in diagnostic situations that could be used as a specificiation
for a knowledge-based system. The model is compared to both two Al-approaches to
diagnosis (KADS and diagnosis based on structure and behavior) and the psychological
approach taken by, for example, Rasmussen and Rouse (chapter Three). It is concluded
that both KADS and approaches to diagnosis based on structure and behavior do not
take human intell igent behavior into account as starting point for their model, and there
are no explicit considerations with psychological validity. However, they do offer starting
points for the development of a model for human strategies applied in diagnosis. The
psychological approach taken by Rasmussen and Rouse focusses on only one aspect of
diagnosis: strategies for fault f inding, which is a subset of the whole process of carrying
out a diagnostic task.
The task-level model of diagnosis as described in chapter Three was tested in
experiments in a paper mill. The task of the operator in a paper mill, and some general
aspects of paper making technology are described in chapter Two. These experiments,
using verbal protocols, are reported in chapter Five and Six. It was found that the steps
predicted in the model were very much in accordance with the steps that could be
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deduced from the verbal protocols obtained from expert operators. However, it turned
out that the diagnostic strategy applied by novices as well as trainees was rather different
from the one employed by expert operators. Both novices and trainees do not
systematically make judgments about the seriousness of the situation, and they also
"forget" to evaluate their problem solutions. In general, both expert and novice operators
do behave according to the predicted ordering of steps. However, the behavior of both
expert and novices operators is more in accordance with a depth-first strategy with
respect to ruling out possible faults as likely candidates for the problem solution than
expected beforehand.
Evidence could be obtained for a, maybe partial, dissociation of the development
of a strategy for diagnosis and the availabil ity of system knowledge. First, the
experiments reported in chapter Five and Six showed that transfer subjects, expert
operators questioned about a rather unfamiliar area of paper making, were able to
employ a task-level diagnostic strategy very similar to that of expert operators in that
area. Second, the experiments reported in chapter Four and Seven showed that
inexperienced operators do not necessarily lack system knowledge. Sometimes they even
perform at the same level as their expert colleagues with respect to tasks tapping system
knowledge. However, when they have to solve diagnostic problems (chapter Five and
Six), this knowledge is not brought to bear, or is insufficient in helping them to solve
problems in a systematic way. Thus, although system knowledge may be necessary to
support a diagnostic strategy, it certainly is not sufficient to enable the use of a g<lod
diagnostic strategy.
Various types of system knowledge could be identif ied that are used in diagnosis
as reported in chapter Five and Six, such as knowledge about the process flow,
topographical knowledge, knowledge about paper making, its control. and the process
dynamics. The experiments reported in chapter Seven gave evidence for the statement
that system knowiedge is partially job-dependent: differences were found between the
system knowledge of technicians and operators.
Chapter Eight discusses various implications of the research. It is concluded that
the task-level model of diagnosis may be useful as an interpretation model in the
knowledge acquisit ion process for the development of knowledge-based systems. The
model is assumed to have wider generality than just the domain of paper making.
However, only one aspect of diagnosis is discussed, the task-level structure, and to obtain
















are accomplished should be added, coupled with an investigation about the relation
between the diagnostic steps and the underlying system knowledge. The research also
provided some insights into how deep (system) and shallow (heuristic) knowledge could
be combined in so-called second generation expert systems. One of these insights was
that operators are very flexible in the type of knowledge used in a particular situation,
and that, presumably dependent on the difficulty of the problem, models at different
levels of abstraction are used. Finally, the type of system knowledge used presumably
depends on the phase of the diagnostic process: symptom identification may require
different types of system knowledge than the identification of possible faults.
Strategy training is currently lacking in many training programs, even though a
difference in strategy has been identified in this study as one of the main differences with
respect to expert and novice diagnostic skill. With regard to these operator training
issues, the task-level model seems an excellent starting point for strategy training.
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